Rapid depigmentation of brown eggs is an infrequent but startling event in the commercial egg industry that can result in significant economic losses. Loss of shell pigment in brown-shelled eggs is caused by various factors. In many cases, the exact cause of flock-wide pigment loss remains undetermined. A rapid decline in shell pigmentation was observed in 2 flocks of Hyline brown layers. The lack of evidence of an infectious disease process suggested a feed or management problem. On the basis of a small-scale, ''in-house'' feeding trial, the feed was identified as the cause of depigmentation. Feed analysis by liquid chromatography with mass spectrometry confirmed the presence of 4,4Ј-dinitrocarbanilide, a major component of nicarbazin (NCZ). There was no evidence of increased mortality, and only a slight but transient drop in the egg production was observed. Depigmentation effects were rapidly reversed after replacing the feed with NCZ-free feed.
Egg formation in the commercial layer takes approximately 25 hours. A major portion of this process occurs within the uterus portion (shell gland) of the oviduct, where the eggshell is formed. Coloration of the commercial ''table'' eggs is because of the presence or absence of the porphyrin pigments in the outer palisade layer. 6 Infectious agents causing abnormalities in the eggshell include infectious bronchitis virus, 1 Newcastle disease virus, 11 and egg drop syndrome virus. 7 T-2, a trichothecene mycotoxin, has also been reported to cause thinning of eggshells in conjunction with marked decreases in egg production. 10 Nicarbazin (NCZ), an anticoccidial drug used in diets for broilers and replacement pullets reared on litter floors, can cause changes in shell color. 8 Stress factors, such as high cage density, frequent disturbance, and fearfulness, can also affect the eggshell pigmentation. 4 In an experimental study, dietary concentrations of up to 100 ppm NCZ had no reported adverse effect on the production, fertility, or egg weight of broiler breeders. 5 However, the hatchability and shell pigmentation were reduced in a dose-dependent manner. A reduction in egg production was also reported after more than 4 days of consumption of feed containing 125 ppm NCZ. Depigmentation of eggshells was the first visible effect seen within 2-4 days after the first exposure to feeds containing at least 25 ppm of NCZ in the feed. 3 The effect persisted during the entire feeding study of 6 days. However, the pigmentation was restored within 2-4 days after withdrawal of the NCZ-containing feed. Reduction in egg production and egg size was reported in broiler breeders 5-6 days after being fed 100 ppm NCZcontaining feed for a 6-day period. The production and egg size returned to normal approximately 2 weeks after removal of the NCZ-containing feed. However, the reduced egg size was not seen in New Hampshires fed 125 ppm NCZ for 3 weeks. Therefore, genetic factors are considered important for manifestation of the toxicosis. Broilers, Leghorns, White Rocks, and New Hampshires are susceptible to NCZ to varying degrees. 2, 3 Age and stage of production may also have an influence on the susceptibility. It is also interesting to note that feeding NCZ to decrease fertility has been proposed as a method to control nonmigratory Canadian geese populations. 9 In April 2004, 2 flocks, one consisting of 12,000 Hyline brown layers, 29 weeks of age, and another consisting of 12,000 Hyline brown layers, 46 weeks of age, were being raised on the floor in separate houses. The 29-week-old flock was experiencing an increase in mortality because of piling in the nest boxes. A portion of the eggs from the older flock was sold as fertiles for the specialized Asian balut market. Two days after the delivery of a fresh batch of feed, an increase in the number of white or ''off-color'' eggs was evident. By the third day, all eggs were completely white. Three days after all eggs had turned white, the feed was withdrawn and replaced with a new batch. After 24 hours of replacement, brown-shelled eggs were observed, and within 48 hours, all eggs were brown. A slight drop in production was observed in both flocks during the week after depigmentation ( Table 1) . No change in mortality rate was observed in the older flock. The younger flock had a drop in mortality because of correction of an unrelated problem. Three weeks after exposure to the suspect feed, the egg fertility of the 46-week-old birds dropped from 45 to 5% but returned to normal after a 1-week period. These data were based on complaints from the balut customers.
Necropsy examination performed at the California Animal Health and Food Safety Laboratory System showed that all birds were in production, and no gross lesions were observed. The only histopathological finding was slight lymphocytic cell infiltration of the tracheal mucosa. Routine serologic testing for the following agents was performed: Mycoplasma gallisepticum (serum plate agglutination a [SPA] and enzyme-linked immunosorbent assay [ELISA b ]), M. synoviae (SPA a and ELISA b ), infectious bronchitis virus (ELISA b ), Newcastle disease virus (ELISA b ), infectious laryngotracheitis virus (ELISA c ), infectious bursal disease vi- rus (ELISA b ), and avian influenza virus (agar gel immunodiffusion and ELISA b ). Titers were all within normal spray vaccination ranges, and testing was negative for avian influenza. The nonroutine serologic hemagglutination inhibition test for Adeno 127 d was also performed and found to be negative. Convalescent serum samples collected 10 weeks after the initial submissions had similar titers in all serologic tests. Thirty eggs from the older flock were broken and examined for gross abnormalities. No mottling was observed in the yolk, and the albumin had 2 well-defined layers. Shell strength and thickness were not measured but were reduced when the eggs were broken and examined for gross abnormalities.
A small-scale feeding trial was performed to determine whether the feed contained any compound that may have led to the depigmentation. The trial was performed within the producers premise to maintain biosecurity. Two pens were constructed within a barn of 28-week-old Hyline brown birds. One pen received the suspect ''contaminated'' feed from the 46-week-old flock and the other pen remained on the normal ration. Within 24 hours of feeding the suspect feed, half of the eggs produced were off-color. Within 48 hours of feeding the suspect feed, all eggs were white, whereas the eggs from the control pen remained brown. Removal of the suspect feed and replacing it with the normal ration resulted in the reappearance of brown eggs within 48 hours. This trial had shorter periods of time for depigmentation and repigmentation than the study of Jones et al. 5 but similar to the study of Hughes et al. 3 Feed samples were taken from the 46-week-old flock, the 29-week-old flock, and the feeding trial. Feed was analyzed for 4,4Ј-dinitrocarbanilide (DNC), e a major component of NCZ that is also considered to be responsible for the brownshell egg depigmentation and poor hatchability. 8 Corn meal was used as the ''control'' matrix. After extraction with acetonitrile, the samples were centrifuged, aliquots of the supernatant were withdrawn, and filtered into autosampler vials. Analysis of the extracts was performed using an Applied Biosystems 4000 QTRAP mass spectrometer f equipped with a Turbo Ionspray liquid chromatography with mass spectrometry (LC/MS) interface g and an Agilent 1100 liquid chromatography system. g The LC column used was a 150ϫ 4.6-mm Luna C18(2) reverse-phase column. h The mobile phase consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile. The protonated molecular ion of DNC at m/z 301 was monitored along with 2 transition ions at m/z 137 and 107. Retention time and instrument response were established by analysis of DNC in acetonitrile. Samples were considered positive when a response greater than 5:1 signal to noise was detected in both of the 2 monitored ions. The detection limit for this analysis was 40 g/kg. A subsequent quantitative analysis using a high-performance liquid chromatography with ultraviolet detection method by another commercial laboratory i resulted in the detection of 103.6 g/ton (113.96 mg/kg) of NCZ in the feed from the 46week-old flock. The NCZ concentration detected in the feed was similar to the concentration of 125 mg/kg that is approved by the U.S. Food and Drug Administration in feed for broiler chickens. Nicarbazin is not recommended for commercial laying hens.
An acute change in eggshell pigmentation with a rapid return to the normal color after feed introduction and withdrawal is highly suggestive of a feed-associated problem. In modern agricultural feeding practices, it is imperative to quickly recognize and replace the questionable feed to minimize the detrimental effects. Analysis by LC/MS provides a rapid, highly sensitive, and reliable methodology to detect NCZ in suspect feed. Confirmation of NCZ in feed allows the producer to quickly initiate appropriate measures. Changes in eggshell pigmentation can lead to significant economic losses. Therefore, rapid determination of the cause for poor pigmentation is essential.
